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A floating structure consisting of ten sect- 
ions joined by frictionless pins was assumed. By 
considering the sections os free bodies and equat- 
ing the drafts between adjacent sections, in- 
fluence lines were determined for unit loads at 
all positions on the structure. 

A sectional floating arydocK with a particular 
naval vessel docked thereon and all sections pumped 
free of ballast was then assumed and the drafts 
determined at all hinges. 

Consideration was then given to the s:*me condit- 
ion as above but with ballast added to the sections 
to equalize the live static lo-ds on the various 
sections and the drafts v.»ere determined for this 
condition. 

For the ballasted condition, the resultant 
forces were found and the moment diagram determined. 
From this diagram, stresses in the vessel could be 
found. Considering the moment uiagiv.m as a load 
diagram and using the conjugate beam method the 



deflection of the ship could be determined and the 
obtained profile thus checked. 



previously 



INTRODUCTION 



A floating drydock is a buoyant structure capable 
of picking up ships to enable work on the hull to be 
carried out in the dry. The mission of a floating dry- 
dock is to provide immediate docking facilities in 
locations where graving docKs or marine railways are 
not available, are not feasible, are of limited cap- 
acity, or are only of temporary expediency. Military 
floating drydocks have been designed to facilitate 
repairs to all types of naval vessels except the very 
largest carriers. These urydocxs must not only have 
the structural strong tn and stability necessary to 
pormit docking of vessels but must also hove the re- 
quisite characteristics to permit sea towing. 

Floating drydocks .. ro of two basic types: the 

one-piece or rigid docA and the multiple-unit or sec- 
tional doer; . Many of tne existing designs are com- 
binations or modifications of the two basic forms. A 
rigid dock is o long single section of box girder 
construction which acts as a unit in lifting a vessel. 
It gives continuous support and alignment to the ship 
on the blocks and distributes weight concentrations 



ii 



along its longitudinal axis. Design of rigid docKs 
is especially suited to docks of small size. 

A true sectional dock is an assembly of separate 
units. The sections are secured together by some 
locking device which serves as a hinge. When moored 
alongside a pier or wharf or when moored offshore, 
the mooring serves to maintain the Keelblock center- 
lines in a common vertical plane. The assembled 
dock has no overall girder strength, hence gives no 
continuous support or alignment to tne ship on the 
blocks and does not distribute weight concentrations 
among the sections. 

In any sectional dock, sections not used in 
picking up a short ship can be disconnected and not 
used; conversely, additional sections can be of 
different dimensions nna lifting capacities if tnese 
differences are desirable. Sections ore handled 
separately in towing and mooring. 

Short single sections in a. sectional dock need 
less structural reinforcement on account of longitud- 
inal bending and shear than is required for longitud- 
inal girder strength requirements of long rigid docks. 
A sectional dock, however, has more tr nsverse bulk- 
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heads and section ends than a rigid doc«. of equal 
length, thus there is a saving of material in a 
rigid dock. 

Sections handled as individual units may be 
so designed that tney may transit the Panama Canal, 
whereas the beam required by a rigid dock would 
prohibit its passage. Assembly and disassembly of 
a sectional dock is a lengthy, tedious, and hazardous 
process. A rigid dock, however, would be immediate- 
ly available for use upon arrival, damage to a rigid 
dock would entirely incapacitate it, but damage to a 
section of the sectional dock would not prevent the 
other sections of the gock from, operating efficiently. 

For the purpose of this thesis, a dock was 
chosen of tho AFDB type ^Auxiliary Floating Dock, 

Big) , originally -mown as the Advance Base Sectional 
Dock, consisting of ten identical sections, each of 
10,000 Tons lifting capacity (See Fig. 2). This dock 
with sections assembled is 827 feet iong with a beam 
of 256 ft., draft of about 15 ft., and above water 
height of about 70 ft. This dock is capable of 
lifting all naval vessels except aircraft carriers of 
the ’'Midway” class. The main part of the thesis 
is general, and applies to any sectional floating 
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structure of the form of floating pontoons connected 
by hinges. 

In the original design of the AFDB e true sect- 
ional dock was intended with the connections made in 
such a. way that they would act as pins. It was 
later modified by the addition of welded connecting 
plates which were intended to make the structure o 
semi-rigid drydock of box-girder type construction. 
This attempt was not wholly successful, however, for 
it was found that these large welded plates worked 
and showed signs of strain beyond the elastic limit. 
In addition, it was impossible to disassemble the 
connecting devices between the sections because they, 
too, had worked and had been stressed beyond the el- 
astic limit. 

Attainment of rigidity was important because 
of the necessity of maintaining the keel blocks in 
8 fixed, horizontal position while a ship is docked. 
If the keel blocks remain level, the ship absorbs 
moment only from the keel block reactions, but if 
the keel blocks do not remain level, the ship must 
absorb bending moment caused by differences in slope 
in adjacent sections. 



xn reality, the AFDB which was 
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originally designed as a truly sectional dock was 
never operated as such. The docK was constructed in 
sections which were towed to the selected site. In 
assembly the dock was made as rigid a structure as 
practicable. 

A study of the truly sectional drydocK which takes 
no moment between tne sections is important in the 
determination of the stresses to which a ship might be 
subjected. An injured ship docked in such a sectional 
dock might be stressed beyond its reduced capacity to 



absorb strain. 
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hindli nhAC'riJflS OF 
Sdl'l iennu rhOATinG imiiu'jCjvb 

Inis vior/L is divided into two m in p r t s . The 
first port considers trie gener.,1 ci se of structure 
consisting of floats joined m c; str.ight line by 
hinges ana involves uetermin tion of hinge re ctions 
for any loeain & condition, Tne second p. rt concerns 
more specifically a. particular set of lo (is corres- 
ponding in gener 1 to the weight distribution curve 
of a naval vessel superimposed on a floating aryaocK 
in an attempt to determine the stresses in the snip 
induced by the hinge reactions. 

PAnT 1 

For trie first p- rt, ten pontoons were • ssumea, 

11 of the s .me dimensions ■ na dispi cement na ll 
of them pumped completely dry. it a s fartner ssumeu 
that they were connected by frictionless pins with no 
moment resisting connections between tne pontoons. 
Under tne loads : polled, no pontoon w s considered to 
come out of tne v/u ter. ihere w s assumed to be no 
torsional stress between sections, for .ll lo us were 
considered to be symmetrical - bout tne longitudinal 
centerline, end therefore tne longitudinal 



centerline of the structure remains in e vertical 
plane. The center of gravity and the center of buyo- 
ancy are always considered in the same vertical line 
regardless of the rotation of the section about its 
own longitudinal axis. 

In b floating structure of the truly sectional 
type, composed of s number of segments of equal or 
varying lengths, the connections linking the adjacent 
sections together may be subjected to considerable 
strains due to unsymmetricai positions of loading along 
the longitudinal axis and the buoyant forces, dnxnown 
hinge reactions, the forces developed at the pins, may 
be determined by first est- blishing a condition of 
equilibrium for each segment, tnen equating the drafts 
of adjacent sections. This will result in a senes 
of simultaneous equations which must be solved. 

For s theoretical discussion, in Fig. 5, (s) shows 
a four-segment dock under an assumed condition of load- 
ing, and (b) sho.vs the drafts of a. segment under the 
various components of loading. By reference to the 
sketch, a general equation for hinge reaction may be 
derived as follows: 

Draft at right end of Segment 1 = 

? d wl + d 12 + d 12 + d 12 1 * d 12 



in which (l) 
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where b is the width of the segment, L tne length, 
V the displacement, P ti:o live lo: d applied, ;nd w is 
the weight of a unit, volume of water. 

u/ 

d‘^ x is derived from f - Me - Pec = Pe 2 = 6Pe . 

iJ=: wl wl wbL 6 /-^ wbL*' 



^12 i >s derived similarly, for e = L/r, 

and 
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in which terms are similar to those on the pre- 



ceding page: 
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Equating equations (l) and (3) 

1/f^l J^]_ + P^(l+6ei) tQj_2(l+^)| 
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L i W L2 hi Lg L 1 — 

P-p0t6e^) - 0 (5) 
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If the blocks are m.ae the same length, eq. (5) 
which may be designated as the hinge force rel tion be- 
tween segments 1 end 2, will assume the simplified form: 

8Ql^*2Q 2 5'H''i - iw«, +• (l46ej_;P^ - (l-voe 2 )P 0 = 0 . .(6) 

_ _ 



5 . 



Relations for the unknown hinge re ctions at the 
other locations may be obtained simil riy . Thus, be- 
tween segments 2 and 5: 

8 ^25 + ^34 4S ^12 +V ^" W S + ^' L+6e 2^ P <2“^ 1_ ^ e 5" ,P 3 = 0 • • 6 («) 

L L 

Between segments 3 and 4: 

8Q34+2Q^+Vv -| ( 'v^+(l+6eg)P2 ) -(l+6e 4 )P 4 = 0 . . . . 6(b) 

~~lT ~l~ 

The values of the three unknown hinge reactions, 
namely, Qj. 2* ^ 25 * rnci - ^54 are then obtained from the 
solution of equations (6), S(a), and 6(b). 

The structure being considered consists of ten 
sections as stated before, #i nd since tnese sections : re 
identic.- 1, the equations above re much simplified. 

The solution of hinge reactions could be presented in 
a number of ways, but influence lines a ere used bee- use 
of their simplicity and their e se of application to 
this problem. Influence lines permit the presentation 
of the general case. Once they ira.ve been obtained, imp- 
lication of specific cases is facilitated by super- 
imposing ship weight distribution curves on these in- 



fluence lines. 



Figure 4 



sho 'S an elevation of the various 
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positions of the unit load which were used in obtaining 
the influence lines of the hinge reactions. As shown 
in the fi 0 ure, unit loads were placed at each end of 
each section at a differential distance from the hinge. 
It was assumed that an increase in draft caused an in- 
crease in shear and this was considered positive (f) . 
The sign convention for hinge reactions assumed that 
both hinge reactions on a particul.- r section acted in 
a clockwise direction. The assumption was also made 
that trie influence line is a straight-line function 
between load points on any section. 



Considering the lo. u • t position (h), end refer- 
ring to equation (l), tne following was obt- inea with 
section 1 os e free body: 



°Ui = d w± 4 d i: 4 d x2 + d 12 l 4 d i 

From equation (2), it follows that: 



~ ^1 t P]_ + 6Pe]_ +• 

wbLj ■ wbi>j_ wbu]_^ 



^1^ + 5C **ll: 
wbL^ v/bL j_ 



Next section 2 was consiaered as a free body, and 
the load was considered at the same position as before, 
giving the following: 
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D «1 2 d w8 ♦ ♦ d Ki - d a A - d ii ♦ d h - d 81 

From equation (4), it follows tti t: 
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equating tile drafts, ~ ^<Zl f anot: 
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All sections were identic 1, however, and e = L/2, 
Pj_ = 1, and ?2 ~ 0> therefore: 

1 + 3 + Q]_g + 3Qp - -Qj^ - 3Q. + q* •• . - 3q,^ 



8 ^lg + ^23 + 4 0 



( 7 ) 



Substituting in equation (6) gives the same result, 
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Consideration of the iocd -.t position (5) was 
tne next step, in a m-. nner similar to the < bove, -na 
ith section 1 s a free body: 
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From equations (.2): 



^12 “ Vv i + p i f 6p i e j + Qjg + SQjS 



wbL j_ wbLj_ . vvbh^ vvbLp wbL^ 



Considering section 2 ss free body and the load 
still at position (2) : 



D ai : d «a 4 d h 4 - d tl 4 «l± - d 3 



From equation (4;: 
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As above, all sections were identical, and e = ly 
0, and ?2 ~ 1, therefore: 



Qlg f = 14+3- Q 1 £ - 3Q 12 + ^23 “ S( ^23 



or 



8 «ia t 2Q gs -4=o 



( 8 ) 



Equations (7) and (8) are identical except for 
the difference in the sign of the constant. This dif- 
ference is caused by the change in direction of the 
shear as the unit load crosses the hinge point. 



Next the load was considered at position (l) , and 
the following was obtained with section 1 as e free 
body : 



D 
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From equation (2) : 
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Considering section 2 as a free body and with the 
load still at position (l): 



“21 = d w2 * ^ * *£ * d L - 
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From equ- tion (4) : 
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Equating the drafts, - Dg^, and: 
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As above, all sections were identical, and e 0 = 
L/2, Pj_ - 1, and -Pg - 0, therefore: 



+1 - b 4- Q X g + 3Q-j_g - -kiz ~ &Qi2 t QgS “ 3 ^2 
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Demonstration of resulting equations when consid- 
ering two more load positions is necessary. Assuming 
the load at position (o) ana equating the drafts be- 
tween sections 2 ' nd 3, the follow' ing results: 
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Since P.p end P r equ. 1 0, end b.,, - bgp: 



-( *l2 + ^iig ^ ^23 i 3^25 Z -Qga“ s Qg3 +Q 54 " 3 ^34 
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sg la f 8« gs t 2Q S4 = 0 



In the above manner, the following sets of sirault- 
aneous equations were produced, first with trie lord 
at position ( 4 ) and then witn the lord t position 
(5). With the load at position ( 4 ), tne following 
resulted: 

oQj_g ^ ^23 “ 

2Qi^ i 8 Qg b f- 2Q 3/± - -4 



^Qg2> 4 4 4 ^45 " 

2Q S4 4- 8Q 45 4 2Q 56 = 
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v">'ith the load at posi 
of equations resulted”. 

8Q]_^ 4 '^Q'^h -”0 

2Q i2 + 8Q 25 I 2Q 54 = 

2Q £5 4 8Q 34 4 2Q 45 = 

2Q34 4 8Q45 4 2Q53 - 

2Q45 4 8 Q 53 f 2Q 67 = 

2Q56 f 8^87 4 2Q73 - 

2Q67 4 8 Q 7 q f 2Q39 = 
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(5) , the following set 
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2Q89 4 8Q9_4q = 0 
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All other sets of equations were identical except 
that the constants shifted position with respect to 
the variables, therefore they are not shown here. 

This similarity of equations considerably simplified 
the solution of the problem. 

A typical solution of one set of simult -neous 
equations is included as Appendix n. Other solut- 
ions were all produced by the same procedure. 

The ordinates of the influence lines obtained 
from the solutions of the nine sets of nine simultan- 
eous equations are shown in Table I. Graphs of these 
influence lines are shown in Fig. 5. 

These equations were solved by the method develop- 
ed by Gr inter in his text on structures. 

There are a number of other methods of solution, prob- 
ably the simplest of v/nicn is ^iven in "Analysis of 
nigiti Frames" by A. Amirikian of the Bureau of Yards 
and Docxs, Department of the Navy. 

On page 6 the assumption was stated that the in- 
fluence line is a str- ight-line function between 
load points on any section. It is easily demonstrated 
that this assumption is right. In order to find the 
point where the influence line crosses the axis of 
abscissas, reference is m:-de to equation (o) : 
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8Q + eQ + w - v'v f (i+oeiXP-,- (It8ej/)P = 0 

12 as 1 2 /ij 1 * 

In every case, the ordinate the right end of 
section 1 is opposite in sign and twice the magnitude 
of that at the left end. 1 l therefore follows that 
a straight line joining these ordinates would cross 
the axis at L/3 from the left end, or ? t e - -L/6. 



Furthermore, when the unit load is at this point, 11 

shears are equal to 0. »vith this in mind, aid since 

P^ = 1, Pg - 0, and equation (6) becomes: 

2 



(if 3e/ ) 1 = 0 
% 



Therefore, e - -h/o 



By examining tne influence lines it can be seen 
that the hinge reaction at the fourth hinge in eitner 
direction from the load poxnt is less than one per- 
cent of the hinge reaction at the load point. From 
this it can be seen that increasing tne number of 
sections to more than ten would not mater icily n i f e c t 
the hinge reactions. 

V/ith these influence lines it is possible to solve 
for any hinge reaction by applying loads - s determined 
from the weight distribution curves of .ny particul- r 
vessel. The procedure lor this is demonstr- ted in the 
second port of this thesis. 
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Txie determination of stresses induced in a dock- 
ea vessel by hinge reactions vas . pproacned by i p ply- 
ing s typic'l weight distribution curve of a naval 
vessel to the influence imes obtained, in P rt I. Al- 
though the work in this part involved the application 
of 2 specific set of loses, tne procedure involved 
principles which ere the same regardless of the ves- 
sel doc.ved. Two conditions of pumping were consider- 
ed. First, it was assumed that none of the sections 
contained water, ana second, water was assumed to be 
added to the sections as necessary to equalize the 
loading . 

This problem considered specifically the AFDB 
assembled as a truly sectional dock. Individual sect- 
ions of tms dock are 80 ft. by 258 ft., and hinges 
are 83 ft. center to center. (See Fig. 1.) Bead load 
displacement of individual sections is 3310 long tons 
or 8534.4 hips. 

A weight distribution curve of a particular n'val 
vessel was obtained from the Bureau of Ships, Depart- 



ment of the Navy, but for security reasons it c; nnot 
be reproduced nere. The area of this curve wa s divided 
into segments 83 feet long which corresponded to the 
distance between hinges. It was assumed t'n t ; 11 of 
the load represented by the area of a p rticular seg- 
ment acted upon the section beneath it and that there 
was no load carry-over to adjacent sections. Over- 
hang at the bow and stern was considered to be trans- 
mitted to the end sections by shoring. The center of 
gravity of each portion of the area was determined and 
it was assumed that the load corresponding to the 
area was applied to the section through the center 
of gravity. These loads and their eccentricities are 
shown in Columns 1 to a of Table II. 

The loads thus obtained were applied to the in- 
fluence lines in order to find the hinge reactions. 

By the simple application of similar triangles, the 
ordinates at the point of application of these loads 
were determined for each influence line. These ord- 
inates are given in Table III. multiplying these 
ordinates by the appropriate loads and adding algebra- 
ically gave the shears or hinge reactions which are 
shown in Table IV. Sign convention as already st' ted 
must be carefully followed in order to find the cor- 
rect directions for the hinge reactions. 



iSqus tion (l) from Part i was s follows: 




d 12 * d 12 + 



d iii+ 
a 12 + 








wblA 



Since the dead loaci, live load, eccentricity, 
end shear are now known, the equation can easily be 
solved for the draft. By this method, drafts between 
all sections and a t the ends of the docK c_.n be deter- 
mined. A typical solution is included as Appendix. B. 
The resulting mean drafts are tabulated as Table VI. 

A cneck on the worm tnus far is obtained by solving 
for corresponding drafts on adjacent sections which 
must be the same if the work is correct. 



In the unva-i t ered condition, the profile as shown 
in .figure, d is quite irregular. This irregular- 

ity is impractical since it is likely to induce ex- 
cessive stress in tne docked vessel. 

All types of modern floating drydocks ore corn- 
par tmented and the operational procedure requires 
partial pumping of the various compartments in an 
attempt to obtain load uniformity. The next step in 
this problem was the addition of water to most of the 
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sections in order to obtain the same live load on e ch 
section as on the section which had the maximum live 
load in the unwatered condition, These additional 
loads are shown in Column 5 of Table II. Those 
water loads were considered to act through the cen- 
ter of gravity of the section and the free surface 
effect was neglected, if a horizontal profile re- 
sulted, these assumptions would not be unreasonable, 
and a horizontal profile is the objective of this 
process of adding water ballast. Other conditions 
were the same as before, sna the problem was solved 
in the same manner. The shears or hinge reactions 
obtained are shown in Table V, and the resulting mean 
drafts are shown in Table VI. The profile of the 
watered condition is shown in Fig. d and is still 
irregular but the irregui rities are not as great as 
in the unwatered condition. 

It is conceivable that greater compartment- 
ation of the sections would furtner reduce the ir- 
regularities in tiie profile. These compartments 
would have to be arranged so each section could be 
trimmed in the longitudinal direction of the dock. 
Further investigation of pumping procedures for a 
sectional drydock with compartmented sections in an 



attempt to obtain a less irregular profile with 
consequent less induced stress would be of great 
value. This investigation, however, considered 
no compartments tion in the sections but concerned 
itseif with determining the induced moments in 
the docited vessel for this partially pumped condit- 
ion alone . 

The next step was to determine the result- 
ant forces corresponding to each pontoon section. 
Since the supported ship is not subdivided or cut 
into separate slices as assumed in the beginning 
of this analysis, free motion of the individual 
pontoons cannot occur, in other words, once the 
ship rests on the section of the docx, call the 
tilts in the individual segments will align them- 
selves into a curve or line corresponding to the 
bottom of the ship. As a result, there will be 
little or no shear left at tne hinge connections. 
The resultant force, therefore, will be the net 
shear which has now been removed from tne doc* by 
the rigidity of the ship. These forces ere given 
in Table sIlju. This can also be shown ma thematic -illy 



as follows: 



Forces 



acting on a section are 



P - nive load and dead load . 

Vv — Ballast. 

B - Buoy tint force. 

AV - Wet shear on section. 

F - Resultant force. 

P -*■ w - B r A V = 0 from equilibrium 

conditions stated in 
analysis 

F - P + w - B since shear is 

transmitted to dock- 
ed vessel 

Therefore F - A V Bee Fig.o 

Tne shear diagr tm of these resultant forces 
is shown in Fig. 7 . 

The bending moment diagram vu-s obtained by 
integration of the shear diagram and is also shown 
in Fig. 7 ana in Table vri. From the moments tans 
computed, the stress induced in the ship at •■ny 
point can be easily calculated if I ana c or S is 
known. Those persons who design the dry docks, now- 
ever, are not as concerned with stresses as they 
are with the limiting values of bending moment. 
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tor the semi-rigid dry dock, the limiting bending 
moment was to be 500,000 foot- tons. The maximum 
value computed in the above procedure was 73,700 
foot-kips, which is less than one- tenth of this limit- 
ation. 

It is desirable to check the above computations. 

A simple method of doing this is to compare the pro- 
file previously obtained with a deflection curve cal- 
culated from these values of moment by the conjugate 
beam method. The extent of coincidence of these 
two curves would indicate tue degree of • ecurucy ob- 
tained in tne solution. Corrections in the form of 
additional ballast or reduced b Xlust in the affected 
pontoons would be governed by the extent of the diver- 
gence of the two curves. 



In order to use the con jugs, te beam method, it 
was necessary to obtain the m/Ei diagram from the 
moment diagram. The ship considered did not have t- 
constant I throughout its length. Fig. 8 shows the 
distribution of the moment of inertia which was used 
in modifying the moment diagram, moments of inertia, 
in the end portions of the chip wore not obtainable, 
but a reasonable value wrs assumed md is shown on 
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the graph. The M/iil diagram is shown in fig. 7. 

From the m/EI diagram a deflection curve could 
be drawn by considering these moments as loads vnd 
computing a new moment diagram. This moment dia- 
gram of the conjugate beam would be the deflection 
curve of the ship. As stated before, coincidence of 
this curve with the profile of the ship indicates 
the accuracy of the solution. 
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I'he solution of the hinge reactions to ob- 
t; in the influence lines is accomplished by sn 
exact method since the drafts of two sections 
where they are connected by a frictionless pin 
must necessarily be equal. This solution is 
general insofar as it pertains to a series of 
identical sections, but the reactions for a ser- 
ies of sections of varying dimensions could easily 
be solved by the same method. As in any in- 
fluence lines, these resuits hold for any system 
of loads, whether moving or static. 

From these influence lines, it can be seen 
that the effect of a point load is greatest at 
the nearest hinge and that it is subject to a 
"damping" effect as the distance from the load 
position increases. Tne greatest reaction occurs 
when the load is at a hinge, when this Is the 
case on a long series of sections, the reaction 
at the first hinge in either direction from the 



lorded hinge is only 26.870 of the reaction at 
the load point. Similarly, the reaction at the 
second hinge is 7.18/o, at the third, 1.93%, and 
at the fourth, 0.55%. Thus it is evident teat if 
an accuracy of 10 jo is desired, only tv;o hinges 
from the load point need be considered, and if 
I 70 accuracy is desired, only four hinges from the 
load point need be considered. 

This solution is valuable not only in the 
analysis of hinge re ctions of sectional floating 
drydocits but also in problems involving any 
series of pontoons connected by hinges. As recal- 
led by :vir. k. iimiriicivn, at one time the con- 
struction of floating landing mats was contemplat- 
ed. These v. r ere to consist of series of large pont- 
oons with flexible connections, with the in- 
fluence lines found above arid with the wheel 
loads of the plane, the lunge reactions could 
be found, and the profile which would meet the 
pilot as he lands at any particular point could 
easily be determined. 

The accuracy of the solution of the problem 
depends not only upon the method caused for the 
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solution of the simultaneous equ: t.ions but also 
upon the number of places to which the results 
are carried. It is felt that the accuracy car- 
ried throughout the worse is sufficient to permit 
the necessary degree of accuracy in the results. 

In the second part of the wor<c, the loading 
was derived from weight distribution curves ob- 
tained from the Bureau of Ships. The results 
of this part depend primarily upon the loading 
used, rnd therefore the degree of refinement of 
the weight distribution curve is of the utmost 
importance in obtaining accurate results. 

Since the optimum condition for the aryaoch 
under load is that of » horizontal profile, tne 
assumption that each section supports that part of 
the ship which is directly above is indeed the 
case. It is therefore reasonable to assume th.t 
there is no shear carryover in the ship from one 
pontoon section to another. 

The results obtained seem reasonable for 
the conditions assumed at the beginning of the 
analysis. This analysis was carried out for a 



quiescent condition of the water, ana this, of 
course, is seldom obtainable in n? ture. Even 
though it is generally assumed tact tnese docics 
operate in sheltered harbors, there are still 
major effects from such natural causes as wind, 
currents, tidal currents, wave action, and cross- 
seas (wind and sea in opposite directions), Tnese 
effects, furthermore, are vibratory, and the 
stress repetitions may cause failures a min to 
the fatigue failures evidenced in other structures. 

The tnesis entitled, "a method of Investigation 
of the Strength in Bending in the riorizont 1 Plane 
of an Ab'DB when subjected to Lateral Wind, Cur- 
rent, or wave Forces, !i by B. m . Scunners ma 
<v . w . Vender V/olm, Jr., considers some of the 
above effects on the semi-rigid section. ! dry- 
dock., and especially the effect on the mooring 
system. 

ho consideration was given to loading other 
th^n. along the longitudinal centerline of the 
nock:. Large snips such as tns one considered 
herein are normally aocneu along the 



centerline 



of the dock, but smaller snips might be and 
occasionally are docked in groups so that no ship 
has its keel over the longitudinal centerline. 

At times the groups of ships are not moored ab- 
reast, therefore the load distribution would not 
be transversely symmetrical about the longitudinal 
centerline. These effects are not insignificant. 

The given case which was considered, to demon- 
strate a method of solution consisted of a speci- 
fic naval vessel placed on the dock which in turn 
was ballasted in a particular manner. The results 
obtained from this solution seemed feasible for 
the stated conditions, but as shown above, the 
practicality of those results is some wrist limited. 
It is recommended that in any further investi- 
gation of this structure some consideration be 
given the effects of wind and sea. In other words, 
it would be better to set up the conditions to 
give results which are as practical o.s possible. 
Perhaps an approach which considers first the al- 
lowable bending moment and attempts to determine 
the maximum deflections of tne dock which would 
not cause this value to be exceeded would be of 
considerable value. 



It is further recommended that any advance- 
ment of this work consider practical pumping pro- 
cedures us to coiiipartmentation and sequence of 
operation. 

Since all connections between sections are 
subject to considerable stress induced by working 
of the dock sections, these connections usually 
become inoperable preventing uis' ssombiy of the 
sections for towing, i/esign and recommendations 
concerning a more satisfactory connection would 
be of value. 

If time and funds permitted, study of working 
models would probably be more beneficial than 
theoretical consideration since such a study would 
eliminate some of the necessary theoretical 
sumptions. 
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TABLE I 



ORDINATES FOri 
OF HINGE 



.26794919 
.53589838 
.46410162 
. 12435565 
.12435565 
.03332100 
.03532100 
.00892837 
.00892837 
.00259254 
.00239234 
.00064104 
.00064104 
.00017183 
.00017183 
.00004626 
.00004626 
.00001322 
.00001522 
.00000661 
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INFLUENCE L.INES 
REACTIONS 



Q 23 Q 34 



.07179677 


.01923788 


.14359554 


. 05847577 


.14359554 


.03847577 


. 50257774 


. 15466520 


.49742226 


.13466520 


. 13328401 


. 50018504 


.13328401 


. 49981496 


.05571349 


.13392507 


.03571349 


.13592507 


.00956958 


.03586517 


.00956938 


.03588517 


.00256422 


.0096 1564 


. 00256422 


.00961564 


.00068750 


. 00257739 


.00068730 


.00257739 


.00018504 


.00069391 


.00018504 


.00069391 


.00004287 


. 00019826 


.00004287 


. 00019826 


.00002643 


.00009913 
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TABnE I (Continued) 



OKDIjmATHS FOri INFLUENCE LiNES 
OF HINGE REACTIONS 



^45 

.00515478 
.01030955 
. 01030955 
.03608343 
.03608343 
.13402416 
.13402416 
. 50001321 
.49998679 
.13397129 
.13397129 
.03589838 
. 03569838 
.00932225 
.00962225 
.00259061 
.00259061 
.00074017 
. 00074017 
.00037009 



.00138121 
.00276243 
.00276243 
.00963851 
.00966851 
.05591160 
. 05591160 
.15397790 
. 13397790 
. 50000000 
. 50000000 
.13597790 
.13397790 
.05591160 
.03591160 
.00966851 
.00966851 
.00276245 
.00276243 
.00138121 
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.00037009 
.00074017 
.00074017 
.00259061 
.00259031 
.00962225 
.00952225 
.05589838 
.03589838 
.13397129 
.13397129 
.49998679 
. 50001321 
. 13402416 
.13402416 
.03608343 
.03608343 
.01050955 
.01050955 
.00515478 
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TAbuE I (Continued) 



ORDINATES FOR 
OF iilrJGr; 

Q 78 

.00009915 
.00019826 
.00019826 
.00039391 
.00069391 
.00257739 
. 00257739 
.00961534 
.00931584 
.3588517 
.03588517 
. 13332507 
.13392507 
.49981496 
. 50018504 
.15433520 
.13436520 
.03847577 
.05847577 
.01923788 



INFLUENCE LINES 
REACTIONS 



^89 

.00002643 
.00005287 
. 00005287 
.00018504 
. 00018504 
.00038750 
. 00068730 
. 00256417 
.00253417 
. 00953958 
. 00956938 
.03571349 
.03571349 
• 13628401 
.13328401 
. 49742226 
. 50257774 
. 14359354 
.14359354 
.07179377 



Q9-10 
.00000661 
.00001322 
.00001322 
.00004626 
.00004626 
.00017183 
. 00017183 
.00064104 
.00064104 
. 00239234 
. 00239234 
. 00892837 
. 00892837 
. 03332100 
.03332100 
.12435565 
. 18435565 
.46410162 
. 53589838 
.23794319 
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TABLE 111 
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Vvnole numbers refer to center of pontoons sections 
of corresponding number. Eighth points refer to sect- 
ions of ship where I is consiaered to change value. 
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APPENDIX A 

SOLUTION OF EQS. (11) 
TABULAR METHOD 
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bOLUilvJiM OF E^b. (11) 

BY 

T^BunAri iviEThOD (Continued) 
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81090 


... -j .. 

1 

1 


81788 i 

j 


-14 


102804 


-5432 


i 

— 1 - 

i 

! 


-81728 j 


0 


- 27,160 


75658 


^ . 

0 1 


-14 


75,644 



From Eq. 17 above, 75658Qyg =■ -14. or 

Qog - - 14 - - .00018504322 and other shears 

75658 

can easily be found by substitution in the above formulas. 






AtVrDDIX 6 



TYPICAli fciJjjUTlLij.Nl FOK LnAfTS - 
WO BALLAST COWDITIOW 



= d u2 



+ d 2o * d S - Kl + d c>r, i Kt 



60 



-+ d lv 

J3 f 66 



l v 

2b 



;j VI 

^b 



d v/A = ^ -* 6 . 5112304 ft. 

wbL o .064x256x80 

KJ 

dr X . - p£ - 5575.27 = 4.25359 ft. 

wbL., 1310.72 

<0 



d 11 - 

f > % - 




- 


6x5575.27x6.1836 _= 1.97269 ft. 




w bL 

2 




1510.72x30 


d idi . 


_ ^12 




: 237.57448387 ^ 0.18125494 ft. 


66 


wbLo 




1310.72 


d iv . 

O r * — 


SQf2 


# 


0.5437348 ft. 


AjO 


v/bL ^ 






- 


Q23 


- 


450.71304 ^ 0.54586676 ft. 


do 


v/bLp 




1310.72 


,vl 


3Q£3 






a 23 ~ 


— 


1.031600299 ft. 




wbL.p 








D ,S- 


6 , 


.5112304 4 4.25353 + 1.97269 + 0.1812549 



- 0.5457648 4 0.34383676 + 1.031600290 



= 13.75404676 ft 
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